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ABSTRACT 


A method of satisfying a database query includes evaluating 
certain joins on a per-segment basis. An expression tree is 
produced for the query, and the expression tree is evaluated 
to identify joins whose operands are two instances of the 
same relation and whose join predicate conjunctively 
includes an equality comparison between two instances of 
the same column. When such a join is identified, it may be 
evaluated by segmenting the operand relation according to 
the columns that are compared for equality in the predicate. 
The join is then evaluated by performing the join operation 
separately on each segment. Segments may be spooled 
separately, thereby exploiting the efficiencies obtained by 
spooling even where the entire relation is too large to fit in 
the spool. Execution iterators are provided for spooling 
successive segments and for applying the join to the spooled 
segment. 
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CLAIMS: 

1-33. (canceled) 

34. A system for producing results from a database comprising: a 
spooling 

module which receives a relation comprising a set of rows and a set 
of columns , 

and which copies into a memory location one or more rows of said 
relation 

having common values for one or more columns of said relation; and 
an 

application module which invokes a relational procedure, wherein said 
relational procedure performs a relational operation on rows in said 
memory 

location to produce one or more result rows, said application module 
invoking 

said spooling module when said relational procedure is unable to 
produce result 
rows . 

35. The system of claim 34, further comprising: a query compiler 
which 

receives a query and produces an expression tree based on said query, 
said 

relational procedure being based on said expression tree. 
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36. The system of claim 35, wherein said expression tree comprises a 
join 

operator having: a first operand which includes a first instance of a 
relation, 

said relation having a set of rows and a set of columns ; a second 
operand 

including a second instance of said relation; and a first predicate; 
said 

system further comprising: an optimization module which receives said 
expression tree and determines that said predicate is, or 
conjunctively 

includes, an equality comparison between one or more columns of said 
first 

instance of said relation and corresponding one or more columns of 
said second 

instance of said relation, said one or more columns of said first and 
second 

instances of said relation being the same columns as said one or more 
columns 

of said relation. 

37. The system of claim 34, wherein said relational procedure 
comprises a 

join . 

38. The system of claim 37, wherein said join comprises one of: 
inner join, 

semijoin, or anti-semi join. 

39. A method of evaluating a semijoin having a first operand, a 
second 

operand, and a predicate, said method comprising the acts of: 
determining that 

said first and second operands each comprise first and second 
instances, 

respectively, of a common relation; determining that said predicate 
is, or 

conjunctively includes, an equality comparison between one or more 
columns of 

said first instance of said relation and corresponding columns of 
said second 

instance of said relation; segmenting said common relation based on 
said one 

or more columns to produce one or more segments of said common 
relation; and 

performing said semijoin separately on each of said segments. 

40. The method of claim 39, further comprising the act of spooling 
each of 
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said segments in a memory location, wherein said performing act 
comprises 

applying said semijoin successively to the segments spooled in said 

memory 

location . 

41. The method of claim 39, further comprising the act of compiling 
a SQL 

query which includes an EXISTS clause to produce a relational 
expression that 
includes said semijoin. 

42. A computer-readable medium having computer-executable 
instructions to 

perform the method of claim 39. 

43. A method of evaluating an anti-semi join having a first operand, 
a second 

operand, and a predicate, said method comprising the acts of: 
determining that 

said first and second operands each comprise first and second 
instances, 

respectively, of a common relation; determining that said predicate 
is, or 

conjunctively includes, an equality comparison between one or more 
columns of 

said first instance of said relation and corresponding columns of 
said second 

instance of said relation; segmenting said common relation based on 
said one 

or more columns to produce one or more segments of said common 
relation; and 

performing said anti-semijoin separately on each of said segments. 

44. The method of claim 43, further comprising the act of spooling 
each of 

said segments in a memory location, wherein said performing act 
comprises 

applying said anti-semijoin successively to the segments spooled in 
said memory 
location . 

45. The method of claim 43, further comprising the act of compiling 
a SQL 

query which includes a NOT EXISTS clause to produce a relational 
expression 

that includes said anti-semijoin. 

46. A computer-readable medium having computer-executable 
instructions to 
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perform the method of claim 43. 

47. A method of sorting rows of a database table according to a 
first set of 

one or more columns, said rows having been sorted on a second set of 
one or 

more columns , said method comprising the acts of: segmenting said 
database 

table based on said second set of columns to produce segments of said 
database 

table, each of said segments comprising rows having common values in 
said 

second set of columns ; and separately sorting each of said segments 
based on 

the values in said first set of columns . 

48. The method of claim 47, wherein said segmenting act is performed 
without 

spooling rows of said segments. 

49. The method of claim 47, wherein said segmenting act comprises: 
identifying 

a first row of said database table, said first rows having first 
values in said 

second set of columns; and identifying a second row of said database 
table, 

said second row having said first values in said second set of 
columns , said 

database table having an order, said second row being the last 
occurring row in 

said order having said first values in said second set of columns. 

50. The method of claim 47, wherein said act of separately sorting 
comprises : 

invoking a first function which sorts rows in first one of said 
segments; 

invoking a second function which identifies a next one of said 
segments; and 

repeating said acts of invoking said first and second function until 
all of 

said segments have been exhausted. 

51. The method of claim 47, further comprising the act of: creating 
an 

expression tree including a GbApply operator having: a first child 
sub-tree 

specifying said database table as input to said GbApply operator; 
segmentation 

data indicating that said database table is to be segmented on said 
second set 
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of columns ; and a second child sub-tree specifying a relational 
fragment to be 

performed on each of said segments, said relational fragment 
specifying a sort 

of the rows of said segments on said first set of columns. 

52 . A computer-readable medium having computer-executable 
instructions to 

perform the method of claim 47. 

53. In a database system which performs operations on a table having 
rows and 

columns , a method of identifying a row having a superlative value in 
a first of 

said columns from among a set of rows having a common value in a 
second of said 

columns , said method comprising the acts of: segmenting said rows 
based on the 

values in said second column to produce groups of one or more rows , 
wherein all 

of the rows in a first of said groups have a common value in said 
second 

column ; sorting the rows in said first group based on the values in 
said first 

column ; and identifying the first or last row in said first group. 

54. The method of claim 53, wherein said superlative value comprises 
a maximum 

value, and wherein said identifying act comprises identifying the 

last row in 

said first group. 

55. The method of claim 53, wherein said superlative value comprises 
a minimum 

value, and wherein said identifying act comprises identifying the 
first row in 
said first group. 

56. The method of claim 53, wherein said segmenting act comprises: 
sorting 

said rows based on the values in said second column ; and following 
said 

sorting act, identifying the first and last rows which have said 

common value 

in said second column. 

57. The method of claim 53, further comprising the act of: creating 
an 

expression tree including a GbApply operator having: a first child 
sub-tree 
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specifying said table as input to said GbApply operator; 
segmentation data 

indicating that said database table is to be segmented on said second 
set of 

columns ; and a second child sub-tree specifying a relational 
fragment to be 

performed on each of said segments, said relational fragment 
specifying the 

selection of either the first or last of the rows in a segment. 

58. A computer-readable medium having computer-executable 
instructions to 

perform the method of claim 53. 

59. A system for evaluating a database query comprising: a query 
compiler 

which receives the query and produces an expression tree based on the 
query; 

an analysis module which identifies an expression tree having a join 
operator 

which includes: a first operand which includes a first instance of a 
relation 

based on information stored in said database, said relation having a 
set of 

rows and a set of columns ; a second operand including a second 
instance of 

said relation; and a first predicate which is, or conjunctively 
includes, an 

equality comparison between one or more columns of said first 
instance of said 

relation and corresponding one or more columns of said second 
instance of said 

relation; and an evaluation module which segments said relation 
according to 

the values in said one or more columns and which applies said join 
operator 

separately to each segment of said relation. 

60. The system of claim 59, further comprising: a spooling module 
which spools 

rows of each segment in a designated memory location; wherein said 
evaluation 

module applies said join operator to the rows stored in said 
designated memory 
location . 

61. The system of claim 59, wherein said evaluation module does not 
spool the 

segments of said relation. 
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62. The system of claim 59, wherein said join operator comprises one 
of: inner 

join, semijoin, or anti-semi join. 

63. The system of claim 59, wherein said analysis module determines 
that said 

first operand further includes a filter which modifies said first 
instance of 

said relation according to a second predicate. 

64. The system of claim 59, wherein said analysis module determines 
that said 

first operand further includes an aggregate operation which specifies 
the 

computation of a value based on one or more rows of said relation. 

65. The system of claim 59, wherein said relation comprises a stored 
table . 

66. The system of claim 59, wherein said relation comprises a sub- 
expression 

based on one or more stored tables , and wherein said system further 
includes a 

module which evaluates said sub-expression to produce said relation. 
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In embodiment 8, a burden to the master processor is 
further lessened relative to embodiment 7. Since the slave 
processors transfer the data among the slave processors, a 
burden to the master processor is further lessened. 

Embodiment 9. 5 

Thus far, operations such as transferring the tables, refer- 
ring to the tables, transferring the hash tables, referring to the 
hash tables, etc. have been explained. The operations of 
referring to the tables and charts may be replaced with the 
operations of transferring the tables and charts. The opera- 10 
tions of transferring the tables and charts may be replaced 
with the operations of referring to the tables and charts. 

Regarding referring to the tables and charts, a traffic 
volume between the master processor and the slave proces- 
sors is increased. However, the data exists either in the 15 
master processor or the slave processors, a merit exists that 
a memory field in another processor is not pressured. Mean- 
while, in the operation of transferring data, a disadvantage 
exists that the memory in the processor, to which the data is 
transferred, is pressured. However, when the tables and 20 
charts are transferred once, the reference relationship 
between the master processor and the slave processors is 
diminished. Hence, the traffic volume between the master 
processor and the slave processors is able to be lessened. 

Embodiment 10. 25 

In the previously described embodiments, the operations 
in which the records of the employee data and the sales data 
are used directly and the operations in which the addresses 
of the employee data and the sales data are used are shown. 3Q 
However, these operations of using records and using . 
addresses may be combined. For example, the man numbers 
and the addresses may be retrieved from the employee data, 
while the man numbers and the records, themselves, are 
retrieved from the sales data. Or, vice versa is possible, 

Embodiment 11. 

In embodiment 10, two kinds of data, the employee data 
and the sales data, are used. Alternatively, either three or four 
kinds of data may be joined in the join processing. 

Having thus described one particular embodiment of the 40 
invention, various alterations, modifications, and improve- 
ments will readily occur to those skilled in the art. Such 
alterations, modifications, and improvements are intended to 
be part of this disclosure, and are intended to be within the 
spirit and scope of the invention. Accordingly, the foregoing 45 
description is by way of example only and is limited only as 
defined in the following claims and the equivalents thereto. 

What is claimed is: 

1. A join processing system which joins distributed first 
and second data, the first data including a first join key, the 50 
second data including a second join key and produces a 
joined table, the join processing system comprising: 

(a) a plurality of recording means for storing the distrib- 
uted first and second data; 

(b) a plurality of sub-processor means, each respectively 55 
coupled to a respective recording means of the plurality 

of recording means, for retrieving the first and second 
data from the respective recording means and output- 
ting the first and second, data; and 

(c) main processor means for receiving the first and 
second data from the plurality of sub-processor, means 
and producing the joined table; 

wherein each of the sub-processor means retrieves the 
first data with the first join key from the respective 65 
recording means and produces a first sub-table includ- 
ing the first join key based on the first data including a 


35 


predetermined value, and transfers the first subtable to 

the main processor means; 
wherein the main processor means, receives the .first 

sub-tables from the plurality of sub-processor means, 

and produces a first main table; 
wherein each of the sub-processor means, retrieves the 

second data in the respective recording means with a 

second join key equal to a first join key included in the 

first main table, produces a second sub-table based on . 

the retrieved second data, and transfers the second 

sub-table to the main processor means; and : . 
wherein the main processor means receives the second 

sub-table from the plurality of sub-processor means, 

produces a second main table, joins the first and second . 

data based on the first and second main tables, and 

produces the joined table. 

2. A join processing system which joins distributed first 
and second data, the first data including a first join key, the 
second data including a second join key and produces a 
joined, table, the join processing system comprising: 

(a) a plurality of recording means for storing the distrib^ 
uted first and second data; 

(b) a plurality of sub-processor means, each respectively 
coupled to a respective recording means of the plurality 
of recording means, for retrieving the first and second 
data from the respective recording means and output- 
ting the first and second data; and 

(c) main processor means for receiving the first and 
second data from the plurality of sub-processor means 
and producing the joined table; 

wherein each of the sub-processor means retrieves the 
first data with the first join key from the respective 
recording means and produces a first sub-table includ-. 
ing the first join key based on the retrieved first data 
including a predetermined value, and transfers the first 
sub-table to the main processor means; 

wherein the main processor means receives the first 
sub-tables from the plurality of sub-processor means, 
produces a first main table, calculates a hash value of 
each first join key in the first main table, produces a 
hash table showing an existence of the hash values and 
transfers the hash table to each of the plurality of 
sub-processor means; 

wherein each of the plurality of sub-processor means 
receives the hash table, calculates a second join key 
hash value of the second join key of the second data, 
checks an existence of the calculated second join key 
hash value in the hash table, selects, a second data 
whose second join key hash value is confirmed to exist 
in the hash table, produces a second sub-table based on 
selected second data, and transfers the second sub-table 
to the main processor means; and 

wherein the main processor means receives the. second 
sub-table from each of the plurality, of sub-processor 
means, produces a second main table, joins the first and 
second data based on the first and second main tables, 
and produces the joined table. 

3. A join processing system which joins, distributed first 
and second data, the first data including a first join key, the 
second data including a second join key and produces a 
joined table, the join processing system comprising: 

(a) a plurality of recording means for storing the distrib- 
uted first and second data; 

(b) a plurality of sub-processor means, each respectively, 
coupled to a respective recording means of the plurality 
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. of recording means, for retrieving the first and second . 
data from the respective recording means and output- 
ting the first and second data; and 

(c) main processor means for receiving the first and 
second data from the plurality of sub-processor means 5 
and producing the joined table; 

wherein each of the plurality of sub-processor means 
extracts the first join key of the first data and a first 
address of the first data in the respective recording 
means and produces a first subtable based on the io 
extracted first join key and the first address, and trans- 
fers the first sub-table to the main processor means; 

wherein the main processor means receives the first 
sub-tables from the plurality of sub-processor means, 
and produces a first main table; 15 

wherein each of the plurality of sub-processor means 
refers to the first main table, compares the second join 
key of the second data with the first join keys included 
in the first main table, selects second data whose second 
join key is matched with one of the first join keys in the 20 
first main table, produces a second sub-table based on 
the selected second data, and transfers the second 
sub-table to the main processor means; and 

wherein the main processor means receives the second 

. sub-table from the plurality of sub-processor means, 25 
produces a second main table, joins the first and second 
data based on the first and second main tables, and 
produces the joined table. 

4. The join processing system of the claim 3, wherein 

the main processor means provides a flag field corre- 30 
sponding to each of the first data in the first main table, 

wherein each of the plurality of sub-processor means 
stores a comparison result in the flag field, when the 
subprocessor means compares the second join key of 
the second data with the first join keys included in the 35 
first main table to select the second data; and 

wherein the main processor means joins the first and 
second data according to a comparison result stored in 
the flag field in the first main table. 

5. A join processing system which joins distributed first 40 
and second data, the first data including a first join key, the 
second data including a second join key and produces a 
joined table, the join processing system comprising: 

(a) a plurality of recording means for storing the distrib- 
uted first and second data; 45 

(b) a plurality of sub-processor means, each respectively - 
coupled to a respective recording means of the plurality 
of recording means, for retrieving the first and second 
data from the respective recording means and output- 
ting the first and second data; and 50 

(c) main processor means for receiving the first and 
second data from the plurality of sub-processor means 
and producing the joined table; 

wherein each of. the plurality of sub-processor means 55 
retrieves the first data with the first join key from the 
respective recording means and produces a first sub- 
table including the first join key based on the first data 
including a predetermined value, and transfers the first 
sub-table to the main processor means; ^ 

wherein the main processor means receives the first 
sub-tables from the plurality of sub-processor means, 
produces a first main table, calculates a hash value of 
each first join key in the first main table, , produces a 
hash table showing an existence of the hash values, and 65 

, transfers the hash table to each of the plurality of 
sub-processor means; 
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wherein each of the plurality , of sub-processor means 
receives, the hash table, calculates a second join key 
hash value of the second join key of the second data, 
checks an existence of the calculated second join key 
hash value in the hash table, extracts a second join key 
and an address of the second data whose second join 
key hash value is confirmed to exist in the hash table, 
produces a second sub-table based , on the extracted 
second join key and address of the second data, and 
transfers the second sub-table to the main processor 
means; and 

wherein the main processor means receives the second 
sub-table from the plurality of sub-processor means, 
produces a second main table, joins the first and second 
data based on the first and second main tables, and 
produces the joined table, 

6. A join processing system which joins distributed first 
and second data, the first data including a first join key, the 
second data including a second join key and produces a 
joined table, the join processing system comprising: 

(a) a plurality of recording means for storing the distrib- 
uted first and second data; 

(b) a plurality of sub-processor means, each respectively 
coupled to a respective recording means of the plurality 
of recording means, for retrieving the first and second 
data from the respective recording means and output- 
ting the first and second data; and 

(c) main processor means, for receiving the first and 
second data from the plurality of sub-processor means . 
and producing the joined table; 

wherein each of the plurality of sub-processor means 
retrieves the first data with the first join key from the 
respective recording means and produces a first sub- 
table including the first join key based on the first data 
including a predetermined value, and transfers the first 
sub-table to the main processor means; 

wherein the main processor means receives the first 
sub-tables from the plurality of sub-processor means, 
produces a first main table, and transfers the first main 
table to each of the plurality of sub-processor means; 

wherein each of the plurality of sub-processor means 
receives the first main table, retrieves the second data 
in the respective recording means with the second join 
key equal to a first join key included in the received first 
main table, joins the first data-in the received first.main 
table and the retrieved second data based on the second 
join key, produces a joined sub-table, and transfers the 
joined sub-table to the main processor means; and 

wherein the main processor means receives the joined 
sub-table from the plurality of sub-processor means, 
and produces the joined table. 

7. The join processing system of claim 6, wherein each of 
the plurality of sub-processor means extracts the second join 
key and an address of the second data stored in the respec- 
tive recording means, compares the extracted second join 
key of the second data with the first join keys included in the 
first main, table, extracts second data from the recording . 
means based on the extracted address according to the 
comparison result, and produces the joined sub-table. 

8. The join processing system of any one of claims 1, 2, 
3, 4, or 5, wherein each of the plurality of sub-processor 
means includes data transfer means for transferring data 
among the plurality of sub-processor means. 

9. A join processing method for joining distributed first 
and second data, the first data including a first join key, the 
second data including a second join key and producing a 
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joined table, for. a database system including a plurality of 
recording means for storing the distributed first and second 
data, a plurality of sub-processors, each coupled to the 
plurality of recording means respectively, and a main pro- 
cessor coupled to the plurality of sub-processors for con- 5 
trolling the plurality of sub-processors and producing the 
joined table, the. join processing method comprising the 
steps of: 

in each of the plurality of sub-processors, retrieving the 
first data with the first join key from the respective 10 
recording means, sorting the retrieved first data with 
the first join key so as to produce, a first sub-table, and 
transferring the first sub-table to the main processor, 

in the main processor, receiving the first sub-table from 
each of the plurality of sub-processors, merge-sorting 15 
the first sub-tables with the first join key, and producing 
a first main table; 

in each of the plurality of sub-processors, retrieving the 
second data from the respective recording means, sort- 
ing the second data, extracting the second data, refer- 20 
ring to the first join key included in the first main table, 
so as to produce a second sub-table, and transferring the 
second sub-table to the main processor; and 
in the main processor, receiving the second subtables 
from each of the plurality of sub-processors, merge- 25 
sorting the second sub-tables with the second join key 
so as to produce a second main table, joining the first 
and second data based on the first and second main 
tables, and producing the joined table. 
10. A join processing method, for joining distributed first 30 
and second data, the first data including a first join key, the 
second data including a second join key and producing a 
joined table, for a database system including a plurality of 
recording means for storing the distributed first and second 
data, a plurality of subprocessors each coupled to one of the 35 
plurality of recording means respectively, and a main pro- 
cessor coupled to the plurality of subprocessors for control- 
ling the plurality of sub-processors and producing the joined 
table, the join processing method comprising the steps of: 
in each of the plurality of sub-processors, retrieving the 40 
first data with the first join key from the respective 
recording means when the first data includes a prede- 
termined value and sorting the retrieved first data with 
the first join key so as to produce a first sub-table, and 
transferring the first sub-table to the main processor; 45 
in the main processor, receiving the first subtables from 
each of the plurality of sub-processors, merge sorting 
the first sub-tables with the first join key so as to 
produce a first main table, calculating first hash values 5Q 
of the first join keys in the first main table, producing 
a first hash table showing an existence of the first hash 
values, and transferring the first hash table to each of 
the plurality of sub-processors; 
in each of the plurality of sub-processors, receiving the 55 
first hash table, calculating a second hash value of a 
second join key of the second data, checking an exist- 
ence of the calculated second hash value in the first 
hash table, selecting second data whose calculated 
second hash value is confirmed to exist in the first hash ^ 
table, sorting the selected second data so as to produce 
a second sub-table, and transferring the second sub- 
table to the main processor; 
in the main processor, receiving the second subtables 
from each of the plurality of sub-processors, merge 65 
sorting the second sub-tables with the second join key 
so as to produce a second main table, joining the first 


and second data based on the first and second main 

tables, and producing the joined table. 
11. A join processing method for joining distributed first 
and second data, the first data including ; a first join key, the 
second data including a second join key and producing a 
joined table, for a database system including a plurality of 
recording means for storing the distributed first and second 
data, a plurality of sub-processors each coupled to one of the . 
plurality of recording means respectively, and a main pro- 
cessor coupled to the plurality of sub-processors for con- 
trolling the plurality of sub-processors and producing the 
joined table, the join processing method comprising the 
steps of: 

in each of the plurality of sub-processors, extracting the 
.first join key of the first data and an address of the first 
data from the respective recording means, sorting the 
extracted first join keys and the addresses so as to 
produce a first sub-table, and transferring . the first 
sub-table to the main processor; 

in the main processor, receiving the first subtables from 
each of the plurality of sub-processors, merge-sorting 
the first sub-tables with the first join key so as to 
produce a first main table; 

in each of the plurality of sub-processors, retrieving the 
second data from the respective recording means, sort- 
ing the second data with the second join key, comparing 
the second join key of the second data with the first join 
keys included in the first main table, selecting second 
data whose second join key is matched with one of the 
first join keys in the first main table, so as to produce 
a second sub-table, and transferring the second sub- 
table to the main processor; 

in the main processor, receiving the second subtables 
from each of the plurality of sub-processors, merge- 
sorting the second sub-tables with the second join key 
so as to produce a second main table, joining the first 
and second data based on the first and second main 
tables and producing the joined table. 

1Z The join processing method of claim 11, further 
comprising the steps of: 

in the main processor, producing a first flag field corre- 
sponding to each of the first data in the first main table, 
in each of the plurality of sub-processors, storing a 
comparison result in the first flag field when the sub- 
processor compares the second join key of the second 
data with the first join keys included in the first main 
table to select the second data; 
in the main processor, joining the first and second data 
according to the comparison result stored in the first 
flag field in the first main table. 
13. A join processing method for joining distributed first 
and second data, the first data including a first join key, the 
second data including a second join key and producing a 
joined table, for a database system including a plurality of 
recording means for storing the distributed first and second 
data, a plurality of sub-processors each coupled to one of the 
plurality of recording means respectively, and a main pro- 
cessor coupled to the plurality of sub-processors for con- 
trolling the plurality of sub-processors and producing the., 
joined table, the join processing method comprising the 
steps of: 

in each of the plurality of sub-processors, retrieving the . 
first data with the first join key from the respective 
recording means, sorting the retrieved first data with 
the first join key so as to produce a first suitable, and 
transferring the first sub-table to the main processor; 
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in the main processor, receiving the first sub-tables from 
each of the plurality of sub-processors, merge sorting 
the first sub-tables with the first join key so as to 
produce a first main table, calculating first hash values 
of the first join keys included, in the first main table, 5 
producing a first hash table showing an existence of the 
first Hash values, and transferring the first hash table to 
each of the plurality of sub-processors; 
in each of the plurality of sub-processors, receiving the 
first hash table, calculating a second hash value of the 10 
second join key of the second data, comparing the 
second hash value with the first hash values in the first 
hash table, extracting a second join key and an address 
of the second data whose second hash value is con- 
firmed to exist in the first hash table, sorting, the *5 
extracted second join keys and addresses of the second 
data with the second join key so as to produce a second 
sub-table, and transferring the second sub-table to the 
main processor; 
in the main processor, receiving the second subtables 20 
from each of the plurality of sub-processors, merge 
sorting the second sub-tables with the second join key 
so as to produce a second main table, joining the first 
and second data based on the first and second main 
tables, and producing the joined table. 25 
14. A join processing method for joining distributed first 
and second data, the first data including a first join key, the 
second data including a second join key. and producing a 
joined table, for a database system including a plurality of 
recording means for storing the distributed first and second 30 
data, a plurality of sub-processors each coupled to one of the 
plurality of recording means respectively, and a main pro- 
cessor coupled to the plurality of sub- processors for con- . 
trolling the plurality of sub-processors and producing the 
joined table, the join processing method comprising the 35 
steps of: 

in each of the plurality of sub-processors, retrieving the 
first data with the first. join key from the respective' 
recording means, sorting the retrieved first data with „ 
the first join key so as to produce a first sub-table, and 
transferring the first sub-table to the main processor; 

in the main processor, receiving the first sub-tables from 
each of the plurality of sub-processors, merge sorting 
the first sub-tables with the first join key so as to 45 
produce a first main table, and . transferring the first 
main table to each of the plurality of sub-processors; 

in each of the plurality of sub-processors, receiving the 
first main table, retrieving the second data in the 
respective recording means with the second join key 50 
equal to a first join key included in the received first 
main table, joining the first data in the received first 
main table and the retrieved second data based on the 
second join key, producing a joined sub-table, and 
transferring the joined sub-table to the main processor; 
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in the main processor, receiving the joined sub-tables 
from each of the plurality of sub-processors, and merg- 
ing the joined sub-tables with the first and second join 
key so as to produce the joined table. 

15. The join processing method of claim 14 further 
comprising the steps of: 

in each of the plurality of sub-processors, extracting the 
second join key and an address of the second data, 
comparing the extracted second join key of the second 
data with the first join keys included in the first main 
table, retrieving second data from the recording means 
based on the extracted address according to a compari- 
son result, and producing the joined sub-table. 

16. A join processing method for joining distributed first 
and second data, the first data including a first join key, the 
second data including a second join key and producing a 
joined table, for a database system including a plurality of 
recording means for storing the distributed first and second 
data, a plurality of sub-processors each coupled to one of the 
plurality of recording means respectively, and a main pro- 
cessor coupled to the plurality of sub-processors for con- 
trolling the plurality of suthprpcessbrs and producing the 
joined table, the join processing method comprising the 
steps of: 

in each of the plurality of sub-processors, retrieving the 
first data with the first join key from the respective 
recording means, sorting the retrieved first data with 
the first join key so as to produce a first sub-table, 
dividing the first sub-table into a plurality of first 
sub-tables corresponding to the respective sub-proces- 
sors, and transferring the divided first subtables to 
corresponding sub-processors; 

in each of the plurality of sub-processors, receiving the 
divided first sub-tables from the plurality of sub-pro- 
cessors, merging the divided first sub-tables with the 
first join key so as to produce a local first main table, 
retrieving the second data in the recording means with 
the second join key equal to the first join key included 
in the local first main table, transferring the retrieved 
second data to the plurality of subprocessors; 

in the each of the plurality of sub-processors, receiving 
the second data from plurality of the sub-processors, 
merging the received second data with the second join 
key so as. to produce a local second main table, joining 
the first data in the received local first main table and 
the produced second data based on the first and second 
join key, producing a joined sub-table, and transferring 
the joined sub-table to the main processor; 

in the main processor, receiving the joined sub-tables 
from each of the plurality of sub-processors, and merg- 
ing the joined sub-tables with the first and second join 
key so as to produce the joined table. 

***** 
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[57] ABSTRACT 

A memory 20 is disclosed including a first column of 
memory cells including a conductive bitline 202 and a 
second column of memory cells also including a conductive 
bitline 202. A gate 203 is provided for selectively coupling 
the bitline 202 of the first column with the bitline 202 of the 
second column for transferring a bit of data from a selected 
cell of the first column to a selected cell of the second 
column. 

30 Claims, 4 Drawing Sheets 
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CLAIMS: 

What is claimed is: 

1. A memory comprising: 

a first plurality of columns of memory cells each including at 
least one 

conductive bitline; 

a second plurality of columns of memory cells each including at 
least one 

conductive bitline; and 

a plurality of gates organized in independently controlled groups 

for 

selectively coupling said bitlines of a selected group of said first 
plurality 

of columns with a group of said bitlines of said second plurality of 
columns 

for transferring a at least one bit of data from a selected cell of 
said first 

plurality of columns of cells to a selected cell of said second 
plurality of 
columns of cells. 

2. The memory of claim 1 wherein each said gate comprises a field 
effect 

transistor. 
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3. The memory of claim 1 wherein said memory cells comprises 
dynamic random 

access memory cells. 

4. The memory of claim 1 wherein said first column of cells 
comprises one 

of a plurality of columns of memory cells forming a first subarray 
and said 

second column of cells comprises one of a plurality of columns of 

cells forming 

a second subarray. 

5. The memory of claim 4 wherein said first and second subarrays 
each 

comprise a plurality of rows of cells, each said row including a 
conductive 

wordline, a wordline of a said row of said first subarray controlled 
by a first 

row decoder and a wordline of a said row of said second subarray 

controlled by 

a second row decoder. 

6. A memory subsystem comprising: 

a first subarray of memory cells arranged in rows and columns, 
each said 

column associated with a conductive bitline and each said row 
associated with a 
conductive wordline; 

a second subarray of memory cells arranged in rows and columns, 
each said 

column associated with a conductive bitline and each said row 
associated with a 
conductive wordline; 

circuitry for independently coupling selected groups of said 
bitlines of 

said first subarray with corresponding groups of said bitlines of 

said second 

subarray; 

a first column decoder coupled to said bitlines of said first 
subarray for 

randomly accessing selected cells along a selected row in said first 

subarray; 

and 

a second column decoder coupled to said bitlines of said second 
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subarray for 

randomly accessing selected cells along a selected row in said second 
subarray. 

7. The memory subsystem of claim 6 and further comprising column 
control 

circuitry operable to cause said circuitry for gating to coupled 
selected ones 

of said bitlines in response to a received control signal. 

8. The memory of claim 6 wherein said bitlines of each of said 
first and 

second subarrays comprise folded bitlines. 

9. The memory of claim 6 wherein said circuitry for coupling 
comprises a 

plurality of gates. 

10. The memory of claim 9 wherein said plurality of gates 
comprises a 

plurality of field effect transistors. 

11. The memory of claim 8 and further comprising control 
circuitry for 

causing said circuitry for coupling to couple a said bitline and a 
complementary said bitline of said first subarray with a said bitline 
and a 

complementary said bitline of said second subarray in response to a 

received 

control signal. 

12. The memory of claim 6 and further comprising a first row 
decoder 

coupled to said wordlines of said first subarray and a second row 
decoder 

coupled to said wordlines of said second subarray. 

13. The memory of claim 12 wherein said first and second row 
decoders 

respond to different address sets respectively. 

14. The memory of claim 1 wherein said first and second column 
decoders 

respond to different address sets respectively. 

15. The memory of claim 14 and further comprising a first 
first-in-first-out memory coupled to said first column decoder and a 
second 

first-in-first-out memory coupled to said second column decoder. 


12/19/2005, EAST Version: 2.0.1.4 


16. A memory device comprising: 

a first subarray of rows and columns of dynamic random access 
memory cells, 

each said column including a bitline and each said row including a 
wordline; 

a second subarray of rows and columns of dynamic random access 
memory cells, 

each said column including a bitline and each said row including a 
wordline; 

a first row decoder for selecting a said wordline in said first 
subarray in 

response to a first set of row addresses; 

a second row decoder for selecting a said wordline in said second 
subarray 

in response to a second set of row addresses; 

a first column decoder for selecting at least one bitline in said 
first 

subarray for random access in response to a first set of column 
addresses; 

a second column decoder for selecting at least one bitline in sai 
second 

subarray for random access in response to a second set of column 
addresses ; 

a first plurality of gates for selectively coupling at least one 
bitline of 

a corresponding group of bitlines in said first subarray with at 
least one 

bitline of a corresponding group of bitlines in said second subarray 
said 

first plurality of gates controlled by a first control signal; and 

a second plurality of gates for selectively coupling at least one 
bitline in 

a corresponding group of bitlines in said first subarray with at 
least one 

bitline of a corresponding group of bitlines in said second subarray 

17. The memory device of claim 16 wherein first set of row 
addresses is 

equivalent to said second set of row addresses. 

18. The memory device of claim 16 wherein said first set of 
column 
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addresses is equivalent to said second set of column addresses. 

19. The memory device of claim 16 wherein said bitlines of said 
first and 

second subarrays comprise folded bitlines arranged in pairs of 
complementary 

bitlines, a sense amplifier shared by said complementary bitlines of 
a selected 
said pair. 

20. The memory device of claim 16 and further comprising latching 
circuitry 

associated with said first subarray for temporarily latching data 
read from at 

least one cell in said first subarray during a transfer through at 
least one of 

said gates to a cell in said second subarray. 

21. The memory device of claim 16 wherein said plurality of gates 
comprises 

a plurality of field effect transistors each having a current path 
coupling a 

said bitline in said first subarray with a said bitline in said 

second 

subarray. 

22. The memory device of claim 16 wherein said plurality of gates 

are 

controlled by at least one control signal received from a source 

external to 

said memory device. 

23. The memory device of claim 16 and further comprising a first 
FIFO 

coupled to said first column decoder and a second FIFO coupled to 
said second 
column decoder. 

24. A processing system comprising: 
a memory device including: 

a first subarray of memory cells arranged in rows and columns , 
each said 

column associated with a conductive bitline and each said row 
associated with a 
conductive wordline; 

a second subarray of memory cells arranged in rows and columns, 
each said 
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column associated with a conductive bitline and each said row 
associated with a 
conductive wordline; 

circuitry for randomly accessing at least one selected cell in 
said first 
subarray; 

circuitry for randomly accessing at least one selected cell in 
said second 
subarray; 

circuitry for coupling a selected one of said bitlines of said 
first 

subarray with a selected one of said bitlines of said second subarray 
for 

transferring data from an accessed cell of said first subarray to an 
accessed 

cell of said second subarray; 

a first display device for displaying data received from said 
first 

subarray; and 

a second display device for displaying data received from said 
second 
subarray. 

25. The processing system of claim 24 wherein said first and 
second display 

devices operate at different refresh rates. 

26. The processing system of claim 24 wherein said circuitry for 
accessing 

a said cell in said first subarray and said circuitry for accessing a 
said cell 

in said second subarray are coupled to a single display controller. 

27. The processing system of claim 24 wherein said circuitry for 
accessing 

a said cell in said first subarray and said circuitry for accessing a 
said cell 

in said second subarray are coupled to a single core logic chip set. 

28. A method for performing a data transfer in a memory subsystem 
including 

a first subarray of memory cells arranged in rows and columns, each 
column 

associated with a conductive bitline and each row associated with a 
conductive 
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wordline, a second subarray of memory cells arranged in rows and 
columns , each 

column associated with a conductive bitline and each row associated 
with a 

conductive wordline, and a plurality gates partitioned into at least 
two 

independently controllable groups, each group of gates for coupling 
selected 

ones of the bitlines of the first subarray with corresponding ones of 
the 

bitlines of said second subarray, the method comprising the steps of: 

activating a selected wordline in the first subarray; 

sensing data at the bitlines of the first subarray from the cells 
of the 

selected row ; 

activating a selected group of the gates to couple the sensed data 
from ones 

of the bitlines of the first subarray to selected ones of the 
bitlines of the 
second subarray; and 

activating a selected wordline of the second subarray to write the 
data from 

the first subarray into cells of a selected row and the columns 

associated with 

the selected bitlines of the second subarray. 

29. The method of claim 28 and further comprising the step of 
latching the 

data at the bitlines of the first subarray after said step of 
sensing . 

30. The method of claim 28 and further comprising the step of 
deactivating 

the selected wordline in the first subarray prior to said step of 
activating 

the selected wordline in the second subarray. 
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[57] ABSTRACT 

A frame buffer construction and data storage technique for 
computer graphics display systems are presented employing 
a plurality of on-chip color registers. The plurality of on- 
chip color registers facilitate block writing and flash writing 
of multiple color information into the main frame buffer 
video memory. Addressing of the plurality of color registers 
is achieved at a column address strobe (CAS) cycle page 
mode rate for both the loading of the registers and the block 
or flash writing of the contents of the registers into the main 
memory array. 

31 Claims, 6 Drawing Sheets 
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Loading of data to the multiple registers proceeds as 
follows. First the "Load Color Reg " signal goes high 
indicating that one or more of the color registers is to be 
loaded. Color data is then provided on the VRAM DQ inputs 
and received at the "Color Data In" pins of the color 5 
registers. An address signal is provided on lower order bits 
CAO, CA1 & CA2 which is decoded to generate the corre- 
sponding register address signal CZO, CZ1, . . . , CZ7. These 
in turn initiate loading of the color data into the appropriate 
register through control logic 62 & 64. {Q 

Output of data from the color registers is initiated by 
bringing the "load color reg." signal low. An address signal 
is presented and decoded such that a register is selected for 
reading of data therefrom. The selected color register is read, 
again with only one bit of each color register being depicted 
in FIG. 6. Once read, the data is output at the "color data" 15 
terminal for block or flash writing to the main memory array. 
Other control logic (not shown) directs the VRAM to look 
to the color data terminal for the color data to be written into 
the memory array. 

Those skilled in the art will note from the above discus- 20 
sion that an enhanced frame buffer construction and data 
storage technique for a computer graphics display system 
are presented herein, wherein a plurality of on-chip color 
registers facilitate block writing of multiple color informa- 
tion to frame buffer video memory. Significantly increased 25 
VRAM performance is obtained because addressing of the 
plurality of registers is achieved at a CAS cycle time in page 
mode fashion for both the loading of the multiple on-chip 
registers and the writing of contents of the registers into the 
main DRAM array. In the specific embodiment presented, 30 
all eight color registers can be loaded in a single RAS cycle 
and the main array can be written with selected data from the 
multiple registers in a single RAS cycle. Thus, enhanced 
performance is obtained where multiple color renderings are 
desired. Further, depending upon the specific colors to be 35 
rendered, loading of the multiple on-chip color registers 
prior to writing of data to the main memory array may be 
unnecessary in every instance. 

Although specific embodiments of the present invention 
have been illustrated in the accompanying drawings and 
described in the foregoing detailed description, it will be 
understood that the invention is not limited to the particular 
embodiments described herein, but is capable of numerous 
re-arrangements, modifications and substitutions without 
departing from the scope of the invention. For example, 4 
although presented herein with respect to writing of "color" 
data into the memory array, the multiple registers and 
addressing technique could also be employed for block or 
flash writing of other types of data into a main memory 
array. In addition, writing to the main memory array could ° 
encompass writing data from one register to a single 
memory location in the array. The following claims are 
intended to encompass all such modifications. 

We claim: 

1. A memory system comprising: 55 
a first memory means having a first array of addressable 

memory cells for storing data; 
a second memory means having a second array of addres- 
sable memory cells for storing data, said second array 60 
of addressable memory cells being independently 
addressable from said first array of addressable 
memory cells, and wherein said second array of addres- 
sable memory cells is coupled to said first array of 
addressable memory cells for transfer of data from said 65 
second array of addressable memory cells directly to 
said first array of addressable memory cells; 
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first address means for column addressing in a single 
column address strobe (CAS) cycle a plurality of 
addressable memory cells of said first array of addres- 
sable memory cells using Y address bits of an X address 
bit signal, wherein X>Y such that unused address bits 
in said X address bit signal exist; and 

second address means for employing said unused address 
bits of said X address bit signal in said single CAS 
cycle to address one addressable memory cell of said 
second array of addressable memory cells for transfer 
of data from said one addressable memory cell of said 
second array of addressable memory cells directly to 
said plurality of addressable memory cells of said first 
array of addressable memory cells. 

2. The memory system of claim 1, wherein said second 
array of addressable memory cells of said second memory 
means comprises an array of multi-bit registers such that 
said one addressable memory cell of said second array of 
addressable memory cells comprises one multi-bit register. 

3. The memory system of claim 2, wherein said array of 
multi-bit registers comprises an array of multi-bit color 
registers such that said one multi-bit register stores color 
data for transfer to said plurality of addressable memory 
cells of said first array of addressable memory cells. 

4. The memory system of claim 3, wherein said memory 
system comprises a video random access memory chip. 

5. The memory system of claim 1, further comprising 
writing means for block writing data from the one addres- 
sable memory cell of the second array of addressable 
memory cells directly to said plurality of addressable 
memory cells of the first array of addressable memory cells. 

6. The memory system of claim 5, wherein said second 
array of addressable memory cells stores color data such that 
said writing means block writes color data from said one 
addressable memory cell of the second array of addressable 
memory cells to said plurality of addressable memory cells 
of the first array of addressable memory cells. 

7. The memory system of claim 6, wherein said second 
array of addressable memory cells comprises an array of 
eight color registers and wherein said second address means 
includes means for employing said unused address bits of 
said X address bit signal in said single CAS cycle to address 
one color register of said array of eight color registers. 

8. The memory system of claim 7, wherein said writing 
means includes means for block writing color data from said 
array of eight color registers to said first array of addressable 
memory cells in a page mode fashion. 

9. The memory system of claim 5, wherein said writing 
means includes means for block writing data from multiple 
address memory cells of the second array of addressable 
memory cells directly to the first array of addressable 
memory cells in a page mode fashion. 

10. The memory system of claim 1, wherein said first 
array of addressable memory cells comprises a dynamic 
random access memory array. 

11. The memory system of claim 1, further comprising 
means for loading data into the second array of addressable 
memory cells in a page mode fashion. 

12. A memory system comprising: 

a memory array having a plurality of addressable memory 
locations; 

a plurality of multi-bit registers for storing data, each 
multi-bit register of said plurality of multi-bit registers 
being separately addressable; and 

addressing means for selecting one multi-bit register of 
said plurality of multi-bit registers and an addressable 
memory location of said plurality of addressable 
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memory locations in said memory array for transfer of 
data from said one multi-bit register to said addressable 
memory location in response to a single, multi-bit 
address signal. 

13. The memory system of claim 12, further comprising 5 
means for transferring data from said one multi-bit register 

to said addressable memory location in a single CAS cycle 
in response to the single, multi-bit address signal. 

14. The memory system of claim 12, wherein said plu- 
rality of multi-bit registers comprises a plurality of multi-bit 
color registers for storing color data. 

15. The memory system of claim 12, wherein said 
memory system comprises a video random access memory 
chip. 

16. The memory system of claim 15, wherein said 
memory array comprises a dynamic random access memory 15 
array. 

17. The memory system of claim 12, further comprising 
means for loading data into said plurality of multi-bit 
registers in a page mode fashion. 

18. The memory system of claim 12, further comprising 20 
means for block writing data from said one multi-bit register 

of said plurality of multi-bit registers to multiple addressable 
memory locations of said plurality of addressable memory 
locations in response to the single, multi-bit address signal. 

19. The memory system of claim 12, further comprising 25 
means for flash writing data from said one multi-bit register 
of said plurality of multi-bit column registers to multiple 
addressable memory locations of said plurality of address- 
able memory locations in response to said single, multi-bit 
address signal. 30 

20. A graphics system comprising: 

a display device having an array of pixels upon which an 

object is to rendered; 
a graphics processor for generating color and coordinate 35 

data for each pixel of the object to be rendered; 
a raster processor coupled to the graphics processor and to 
the display device, said raster processor having mul- 
tiple memory systems, each memory system including 
a main memory array having a plurality of addressable 40 

memory locations, 
a plurality of multi-bit registers for storing color data, 
each multi-bit register of said plurality of multi-bit 
registers being separately addressable, and 
addressing means for selecting one multi-bit register of 45 
said plurality of multi-bit registers and multiple 
addressable memory locations of said plurality of 
addressable memory locations in said main memory 
array for transfer of color data from said one multi- 
bit register to said multiple addressable memory 50 
locations in response to a single, multi-bit address 
signal; and 

means for transferring data stored in said memory 
systems of said raster processor to the array of pixels 
of said display device for rendering of said object. 55 

21. The graphics system of claim 20, wherein each 
memory system of said multiple memory systems comprises 
a dynamic random access memory (DRAM) or a video 
random access memory (VRAM). 

22. The graphics system of claim 20, wherein each 60 
memory system includes means for block writing data from 
said plurality of multi-bit registers to said memory array in 

a page mode fashion. 

23. The graphics system of claim 20, wherein each 
memory system of said multiple memory systems includes 65 
means for loading data into said plurality of multi-bit 
registers in a page mode fashion. 


10 

24. The graphics system of claim 20, wherein said plu- 
rality of multi-bit registers comprises eight multi-bit regis- 
ters, each multi-bit register of said eight multi-bit registers 
being capable of storing a different color data. 

25. A method for block writing in a single row address 
strobe (RAS) cycle different color data to different blocks of 
memory cells of a main memory array using a plurality of 
associated color registers, each color register being sepa- 
rately addressable and at least some of said color registers 
storing different color data, said method comprising the 
steps of: 

(a) initiating a RAS cycle; 

(b) decoding a first column address signal to select one 
color register of said plurality of associated color 
registers and to select multiple memory cells of said 
main memory array; 

(c) block writing color data from said one color register to 
said multiple memory cells of said main memory array 
in said step (c); 

(d) accomplishing said steps (b) & (c) within a first single 
CAS cycle; and 

(e) repeating said steps (b) & (c) in a second single CAS 
cycle for a second column address signal such that 
different color data is written to different multiple 
memory cells of the main memory array within said 
RAS cycle. 

26. The method of claim 25, further comprising the steps 
of: 

successively repeating said steps (b) & (c) in additional 
single CAS cycles for additional column address sig- 
nals such that multiple different color data is written to 
different multiple memory cells of the main memory 
array within said RAS cycle; and 

terminating said RAS cycle. 

27. A method for loading color data into multiple registers 
of a video memory system having a main memory array of 
addressable memory cells and multiple separately address- 
able registers coupled thereto, said method comprising the 
steps of: 

(a) monitoring when a load color register signal transi- 
tions active; 

(b) receiving color data at a data input to the video 
memory system; 

(c) during a CAS cycle, receiving and decoding pre- 
defined address bits of an input column address signal 
to identify one register of said multiple registers for 
storing the color data of said step (b); and 

(d) during said CAS cycle, loading said color data into the 
one register identified in said step (c). 

28. The method of claim 27, further comprising repeating 
said steps (b)-(d) in sequential CAS cycles such that color 
data is loaded into said multiple registers in a page mode 
fashion. 

29. The method of claim 27, wherein said multiple 
registers comprise eight multi-bit color registers and 
wherein said receiving step (c) includes decoding three 
predefined address bits of the input column address signal to 
identify one register of said eight multi-bit color registers for 
storing of the color data. 

30. In a memory system having a main memory array of 
addressable memory cells and multiple data registers inde- 
pendently addressable from the main memory array and 
coupled to the main memory array for transfer of data 
thereto, a method for block writing data from one register of 
said multiple data registers to a plurality of addressable 
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memory cells of said main memory array, said method 

comprising the steps of: 

(a) receiving and decoding a single, multi-bit address 
signal, said single, multi-bit address signal identifying 
one data register of said multiple data registers and a 
partial address of a plurality of addressable memory 
locations of said main memory array; and 


12 


(b) block writing data from the one data register of said 
multiple data registers to said plurality of addressable 
memory locations of 'said main memory array. 
31. The method of claim 30, further comprising repeating 
said steps (a) & (b) for multiple multi-bit address signals 
such that data from said multiple data registers is block 
written to the main memory array in a page mode fashion. 
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a matrix. Multiple word lines (WL0-WL15) that are linked to the 
memory cell are arranged in the... 

... Multiple bit lines (BL0-BL4 . 094 ) arranged parallelly are connected to 
the memory cells arranged in. . . 

...out operation by using two page buffers. Shortens data loading cycle 

time. Provides high density integration by narrowing bit line pitch 
...Abstract (Equivalent): A nonvolatile semiconductor memory comprising 


...a plurality of floating gate type memory cells arranged in rows and 
columns . . . 


a plurality of word lines, each of said word lines being connected to 

the memory cells arranged. . . 
a plurality of bit lines arranged in parallel to one another, each of 

said bit lines being connected to the memory cells arranged in a given 

one of said columns, said plurality of bit lines being divided into a 
plurality of bit line groups, each having a pair of adjacent bit 

lines; and. . . 

circuit including a first page buffer portion connected to bit line 
groups extending in a first column direction and a second page 
buffer portion connected to bit line groups extending to a second 
column direction, each of said plurality of bit line groups 
alternately extending to either one of said first and second 
column directions, said first column direction being opposite to 
said second column direction... 
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[57] 


ABSTRACT 


A nonvolatile semiconductor memory according to the 
present invention includes a plurality of floating gate type 
memory cells arranged in rows and columns, a plurality of 
word lines, each word line being connected to the memory 
cells arranged in a given one of the rows, and a plurality of 
bit lines arranged in parallel to one another. Each bit line is 
connected to the memory cells arranged in a given one of the 
columns and the bit lines are divided into first bit lines and 
second bit lines which are arranged to alternate with one 
another. A page buffer is also included which has a first page 
buffer portion connected to the first bit lines extending in a 
first column direction and a second page buffer portion 
connected to the second bit lines extending in a second 
column direction, the first column direction being opposite 
to the second column direction. This construction allows for 
high integration density and reduced data loading cycle 
time. 

4 Claims, 16 Drawing Sheets 
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art without departing from the scope and spirit of this 
invention. Accordingly, it is not intended that the scope of 
the claims appended hereto be limited to the description as 
set forth herein, but rather that the claims be construed as 
encompassing all the features of patentable novelty that 
reside in the present invention, including all features that 
would be treated as equivalents thereof by those skilled in 
the art which this invention pertains. 
What is claimed is: 

1. A nonvolatile semiconductor memory comprising: 

a plurality of floating gate type memory cells arranged in 
rows and columns; 

a plurality of word lines, each of said word lines being 
connected in common to the memory cells arranged in 
a given one of said rows; 

a plurality of bit lines arranged in parallel to one another, 
each of said bit lines being connected to the memory 
cells arranged in a given one of said columns, said bit 
lines being divided into alternatingly arranged first bit 
lines and second bit lines; and 

a page buffer circuit including a first page buffer portion 
connected to said first bit lines extending in a first 
column direction and a second page buffer portion 
connected to said second bit lines extending in a second 
column direction, said first column direction being 
opposite to said second column direction. 

2. The nonvolatile semiconductor memory as set forth in 
claim 1, further comprising a first row decoder connected to 
the word lines extending in a first row direction and a second 
row decoder connected to the word lines extending in a 
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second row direction, said plurality of word lines being 
arranged in parallel one another, each of said word lines 
alternately extending in one of said first and second row 
directions, said first row direction being opposite to said 
second row direction. 

3. The nonvolatile semiconductor memory as set forth in 
claim 1, wherein each of said first and second page buffer 
portions comprise a data latch and sensing circuit connected 
to a corresponding bit line. 

4. A nonvolatile semiconductor memory comprising: 

a plurality of floating gate type memory cells arranged in 

rows and columns; 
a plurality of word lines, each of said word lines being 

connected to the memory cells arranged in a given one 

of said rows; 

a plurality of bit lines arranged in parallel to one another, 
each of said bit lines being connected to the memory 
cells arranged in a given one of said columns, said 
plurality of bit lines being divided into a plurality of bit 
line groups, each having a pair of adjacent bit lines; and 

a page buffer circuit including a first page buffer portion 
connected to bit line groups extending in a first column 
direction and a second page buffer portion connected to 
bit line groups extending to a second column direction, 
each of said plurality of bit line groups alternately 
extending to either one of said first and second column 
directions, said first column direction being opposite to 
said second column direction. 
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DRAM controller for computer system. . . 


...Abstract (Basic): The DRAM controller has a decoder. When the first 
DRAM group is accessed in high speed mode, the RAS signal is made 
active. A comparator... 

...two are same, then the RAS is kept active. When the access of the first 
DRAM group is terminated. . . 

...address, then the RAS is deactivated. Subsequently while passing a new 
low address for accessing DRAM , the RAS is activated again. . . 

. . .ADVANTAGE - Shortens mean access time since low address value of DRAM 

is maintained. Increases working speed by employing address comparator. 

Does not increases hardware scale... 
...Abstract (Equivalent): A memory controller for a computer system having 

a processor and a plurality of groups of memories each being capable 

of buffering a row address, wherein one group. . . 

...a plurality of latch means corresponding respectively to said groups 
of memories, each of the latch means... 

. . .by said comparator for directing access to the group of memories 
currently selected using the first row address... 

...said control means being responsive to a subsequent coincidence detected 
by said comparator when the first row address is stored in the 
selected latch means for directing access to the memories of the 
currently selected group using the same first row address and one 
of a plurality of column addresses from said processor, and. . . 

...said control means being responsive to a noncoincidence detected by said 
comparator when the first row address is stored in the selected 
latch means for directing access to the memories of the currently 
selected group using a second row address and one of said column 
addresses from said processor... 
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[57] ABSTRACT 

A memory controller for a computer system having a 
processor and dynamic random access memories (DRAMs) 
which are grouped into banks, and having multiple latches 
associated respectively with the groups of DRAMs. Each 
latch stores a row address from the processor in response to 
a row address strobe (RAS) signal when the corresponding 
memory bank is selected and one of the latches is selected 
corresponding to the selected memory bank. The row 
address stored in the selected latch is compared by a 
comparator with a row address from the processor. Initially, 
a controller accesses the DRAMs of a bank currently 
selected using a first row address from the processor. If the 
same row of the selected bank is addressed again, a coin- 
cidence is detected by the comparator, and in response, the 
controller accesses the DRAMs using the same row address 
and a column address from the processor. If a noncoinci- 
dence is detected by the comparator, the controller accesses 
the DRAMs of the currently selected bank using a second 
row address and a column address from the processor. 

8 Claims, 11 Drawing Sheets 
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mitted to the row address strobe line 404 following a delay 
introduced by delay element 335, so that the row address 
strobe is supplied to the bank-1 memories 303 after the setup 
time of the module. The bank-1 row address latch 305 is thus 
enabled to store a row address code "200" from micropro- 
cessor 100. This address code is supplied through the page 
address selector 306 to the row address comparator 110. 
During the second half section of period 5, a match occurs 
between the stored row address and the one supplied on the 
row address bus 211, and comparator 110 activates a high 
level on the page hit line 219. 

With the row address strobe line 404 being set to low, the 
AND gate 337 produces a low-level output, which causes 
flip-flop 316 to change to a low output state, thus activating 
a low level on the MA select line 214 at the start timing of 
period 6. A column address code "010" on bus 212 is 
selected by selector 107 and supplied to the bank-1 module 
303 through the MA output line 207. With the output of 
flip-flop 333 being set during period 5, flip-flop 340 switches 
to a high output state at the start of period 6. As a result, 
AND gate 336 produces a high-level output which is applied 
through delay element 338 to NAND gate 339, so that it 
supplies a signal to the NAND-gate bank 320 to pas s a byte 
enable (BE) pulse from microprocessor 100 on the CAS-1 
line 405 to the bank-1 memories 303, following the setup 
time of the bank- 1 memories . With the ou tput of NAND gate 
339 being set to low, the ready line RDY 205 is made active 
low during the second half section of period 6, informing the 
microprocessor 100 of the end of the second RAS-CAS bus 
cycle. As a result, a data read operation from the address 
"00600040" of the bank-1 memories is terminated and a row 
address code "200" is stored in the bank-1 latch 305 during 
period 6. 

With the row address codes "000" and l *200" being stored 
in the bank-0 latch 304 and the bank-1 latch 305, 
respectively, if the microprocessor 100 attempts a third data 
read operation during period 7 by accessing an address 
"00000004" of the bank-0 memories using the row address 
code "000" and a column address code "001", the page hit 
line 219 is quickly set to high level immediately following 
the low-setting of the address strobe line 201. Flip-flop 311 
is switched to high level at the start of period 8. With the 
bank select line 409 being s et to lo w, AND gate 326 
produces an output, causing the CAS-0 line 403 to produce 
a active low during period 8, With the MA select line 214 
still being set to low, the column address "001" is applied to 
the bank-0 memories during period 8. In a similar manner, 
if the microprocessor 100 attempts a fourth data read opera- 
tion during period 9 by accessing an address "00600044" of 
the bank-1 memories using the row address code "200" and 
a column address code "011", the page hit line 219 is quickly 
set to high level immediately following the low-setting of 
the address strobe line 201 by microprocessor 100. Flip-flop 
311 is switched to high output state at the start of period 10. 
With the bank select line 409 being set to high, AND gate 
336 produces an output, causing the CAS-1 line 405 to 
produce a active low pulse during period 10. With the MA 
select line 214 being still set to low, the column address 
"011" is sent to the bank-1 memories during period 10. 

With the row address codes "000" and "200" still being 60 
stored in the bank-0 latch 304 and the bank-1 latch 305, 
respectively, assume that the microprocessor 100 attempts a 
fifth read operation during period 11 by accessing an address 
"0001000C" of the bank-0 memories using the row address 
code "010" and a column address code "003". A page miss 
occurs immediately following the low-level setting of the 
address strobe line 201, setting the page hit line 219 to low. 
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Thus, a new bus cycle begins by setting the AND gate 310 
to high, and AND gate 321 is condition ed to r eset the 
flip-flop 323 at the start of period 12 and the RAS-0 line 402 
is set to inactive high state. At the start of period 13, flip-flop 
316 is switched to high level for coupling the new row 
address code "010" to the bank-0 memories through the MA 
output line 207, while storing it into the bank-0 row address 
latch 304. As a result, a page hit occurs at the midpoint of 
period 13, setting the page hit line 219 to high to cause the 
CAS-0 line 403 to produce a low-level pulse during period 
14. 

If the microprocessor 100 accesses an address "0060048" 
of the bank-1 memories during period 15, using the row 
address code "200" and a col umn ad dress code "012", a 
page hit occurs quickly and the CAS-1 line 405 is set to the 
active low state during period 16. In like manner, if the 
microprocessor 100 accesses an address **00010010" of the 
bank-0 memories during period 17, using the row address 
code "010" and a colu mn add ress code "004", a page hit 
occurs quickly and the CAS-0 line 403 is set to the active 
low state during period 18. 

It is seen from the foregoing description that since active 
row address values are stored respectively for different 
banks of memories, there is a less likelihood of the occur- 
rences of a page miss even if access to the memories changes 
frequently from one bank to another, so that the average 
access time can be reduced. 

What is claimed is: 

1. A memory controller for a computer system having a 
processor and a plurality of groups of memories each being 
capable of buffering a row address, wherein one group of 
memories of said groups of memories is selected by said 
processor, said memory controller comprising: 

a plurality of latch means corresponding respectively to 
said groups of memories, each of the latch means 
storing a row address from said processor when the 
corresponding group of memories is selected by said 
processor; 

selector means for selecting one of said latch means 
corresponding to the group of memories which is 
currently selected by said processor; 

a comparator for comparing the row address stored in the 
selected latch means with a row address from said 
processor to detect a coincidence or a noncoincidence 
therebetween; and 

control means responsive to an initial coincidence 
detected by said comparator for directing access to the 
group of memories currently selected using the first 
row address, 

said control means being responsive to a subsequent 
coincidence detected by said comparator when the first 
row address is stored in the selected latch means for 
directing access to the memories of the currently 
selected group using the same first row address and one 
of a plurality of column addresses from said processor, 
and 

said control means being responsive to a noncoincidence 
detected by said comparator when the first row address 
is stored in the selected latch means for directing access 
to the memories of the currently selected group using a 
second row address and one of said column addresses 
from said processor. 

2. A memory controller as in claim 1, wherein said control 
means includes an address selector for outputting an address 
signal to said groups of memories. 

. 3. A memory controller as in claim 2, wherein said control 
means comprises a plurality of memory bank controllers, 
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each connected to an OR gate, and a flip-flop connected to 
said OR gate, wherein said flip-flop outputs a control signal 
for controlling said address selector. 

4. A memory controller as in claim 3, wherein each of said 
memory bank controllers outputs a row address strobe 
(RAS) signal to a corresponding group of memories of said 
group of memories. 

5. A memory controller for a computer system having a 
processor and a plurality of groups of dynamic random 
access memories (DRAMs), wherein one group of DRAMs 
of said groups of DRAMs is selected by said processor, and 
the selected group of DRAMs is row-accessed by activating 
a row address strobe (RAS) line of that group and each 
memory of the row-accessed group is column-accessed by 
activating a column address strobe (CAS) line of that 
memory, said memory controller comprising: 

a plurality of latch means corresponding respectively to 
said groups of DRAMs, each of the latch means storing 
a row address from said processor when the corre- 
sponding group of DRAMs is selected by said proces- 
sor; 

selector means for selecting one of said latch means 
corresponding to the group of DRAMs which is cur- 
rently selected by said processor; 

a comparator for comparing the row address stored in the 
selected latch means with a row address from said 
processor to detect a coincidence or a noncoincidence 
therebetween; and 

control means responsive to an initial coincidence 
detected by said comparator when the first row address 
is stored in the selected latch means for activating a 
RAS line of the currently selected group of DRAMs 
and a CAS line of one of the DRAMs of the currently 
selected group and for supplying the first row address 
and one of a plurality of column addresses to said 
DRAMs, 
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said control means being responsive to a subsequent 
coincidence detected by said comparator when the first 
row address is stored in the selected latch means for 
activating the CAS line of one of the DRAMs of the 
currently selected group and supplying one of said 
column addresses from said processor to said DRAMs, 
and directing access to the memories of the currently 
selected group using the same first row address and one 
of a plurality of column addresses from said processor, 
and 

said control means being responsive to a noncoincidence 
detected by said comparator when the first row address 
is stored in the selected latch means for inactivating and 
then activating the RAS line of the currently selected 
group, activating the CAS line of one of the DRAMs of 
the currently selected group, and supplying a second 
row address and one of said column addresses from 
said processor to said DRAMs. 

6. A memory controller as in claim 5, wherein said control 
means includes an address selector for outputting an address 
signal to said groups of DRAMs. 

7. A memory controller as in claim 6, wherein said control 
means comprises a plurality of memory bank controllers, 
each connected to an OR gate, and a flip-flop connected to 
said OR gate, wherein said flip-flop outputs a control signal 
for controlling said address selector. 

8. A memory controller as in claim 8, wherein each of said 
memory bank outputs a row address strobe (RAS) signal to 
a corresponding group of DRAMs of said group of DRAMs. 
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51 2066519 COMBINE? OR COMBINING? OR MERGE? OR MERGING? OR AMALGAM? 

52 220734 BLEND? OR (ADD OR ADDS OR ADDING OR ADDED OR ADDITION) () TO- 
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53 41683 COMMINGL? OR CONJOIN? OR MINGL? OR INTERMIX? OR INTERMINGL? 

OR COMMIX? OR BIND? () TOGETHER? 

54 5425634 FUSE? OR FUSING? OR MELD? OR UNITE? OR UNITING? OR INTERBL- 

END? OR INTEGRAT? ^ 

55 1921765 INTERWEAV? OR INTERWOVEN? OR HOMOG? OR JOIN? 

56 9148347 FIRST? OR 1ST OR PRIMARY OR INITIAL? OR ORIGINAL? OR LEADO- 

FF? OR MAIN OR CHIEF OR INTRODUCTORY? 

57 7488971 SECOND? OR 2ND OR DOUBL? OR TWIN? OR EXTRA? OR DUPLICAT? OR 
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58 10837 STORAG?()MODUL? 

59 5563 VOLATIL?(3N) (MEMOR? OR STORAG? OR CACHE? OR BUFFER?) 

510 274343 RAM? ? OR SRAM? ? OR DRAM? ? OR SDRAM? ? OR VRAM? ? OR RAN- 

DOM () ACCESS () MEMOR? OR CDROM? OR CD()ROM? ? 

511 212692 ROM? ? OR PROM? ? OR EPROM? ? OR EEPROM? ? OR NONVOLATIL? - 

OR NON ( ) VOLATIL? OR NVROM? OR READ () ONLY () MEMOR? 

512 85068 HD OR HDS OR HARDDRIVE? OR HARDDISC? OR HARDDISK? OR HARD ( - 

) (DRIVE? OR DISC? OR DISK?) OR DISCDRIVE? OR DISKDRIVE? 

513 38644 (DISC OR DISK) () DRIVE? OR STOR? ( ) (DISK? OR DISC?) OR HDD OR 

HDDS OR CDRW OR CDW OR CD ( ) (W OR RW) 

514 323155 ROW? ? 

515 611809 TABLE? ? 

516 796751 COLUMN? ? 

517 7123990 PLURAL? OR MULTIP? OR MULTIT? OR SEVERAL? OR NUMEROUS? OR - 

MANY 

518 10 S1:S5 AND S8:S13 AND S14 AND S15 AND S16 

519 41 S1:S5 AND S8:S13 AND S14 : S16 ( 5N) S6 : S7 AND S17 

520 458 S1:S5 AND (S6 AND S7 AND S17 ) ( 7N) S8 : S13 

521 22 S20 AND S14:S16 

522 67 S18:S19 OR S21 

523 51 S22 AND PY<2002 

524 4 6 RD (unique items) 
File 2:INSPEC 18 98-2005/Dec W2 

(c) 2005 Institution of Electrical Engineers 
File 6:NTIS 1 964 -2005/Dec W2 

(c) 2005 NTIS, Intl Cpyrght All Rights Res 
File 8:Ei Compendex (R) 1970-2005/Dec W2 


(c) 2005 Elsevier Eng. Info. Inc. 
File 34 : Sci Search (R) Cited Ref Sci 1990-2005/Dec W2 

(c) 2005 Inst for Sci Info 
File 35 : Dissertation Abs Online 1861-2005/Nov 

(c) 2005 ProQuest Inf o&Learning 
File 65: Inside Conferences 1 993-2005/Dec W3 

(c) 2005 BLDSC all rts. reserv. 
File 94 : JICST-EPlus 1985-2005/Oct W3 

(c)2005 Japan Science and Tech Corp(JST) 
File • 99:Wilson Appl . Sci & Tech Abs 1983-2005/Oct 

(c) 2005 The HW Wilson Co. 
File 111:TGG Natl . Newspaper Index(SM) 197 9-2005/Dec 16 

(c) 2005 The Gale Group 
File 144: Pascal 1 973-2005/Dec W2 

(c) 2005 INIST/CNRS 
File 239:Mathsci 194 0-2005/ Jan 

(c) 2005 American Mathematical Society 
File 256:TecInfoSource 82-2005/Feb 

(c) 2005 Info. Sources Inc 
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